Seven isolates of three Sordaria species which were antagonistic to Armillaria mellea were selected as biocontrol agents, and tested against soilborne diseases, caused by Pythium aphanidermatum, and/or Dematophora necatrix, of cucumber, spinach, komatsuna, and Japanese black pine seedlings using the soil-over-agar-culture-inoculation methods under the growth chamber, and semi-field conditions.
INTRODUCTION
Various microorganisms have been tested as candidates of antagonists against many plant pathogens3). However, more attention has been recently paid to reform the ability of antagonism of the known antagosists through the biotechnology than to find new antagonists from nature. If the screening technique were improved, we may find potential antagonists from nature more economically and efficiently.
For screening the antagonists among numerous candidates against any particular pathogens, co-culture method has often been used, but it appears to be essential to find the antagonists against the pathogens, in relation to host plants. On the basis of this idea, this study was conducted to analyze Sordaria spp. as biocontrol agents, in various combinations of host-pathogenantagonist relationships, using the soil-over-agar-culture-inoculation method. However, no field work is included in this work.
Sordaria spp. were selected because they were found to be antagonistic against Armillaria mellea during the study on the rhizomorph production in A. mellea under the influence of other fungi, and their effects were analyzed against soilborne plant diseases caused by Pythium aphanidermatum and/or Rosellinia necatrix.
A part of this work was orally presented at the 4th International Mycological Congress held at Regensburg, Germany in 19908). 
RESULTS
Assay on agar plate Seven isolates of three Sordaria spp. among 121 fungal isolates assayed were found to be antagonistic to A. mellea, together with 28 other fungal isolates, during the study on the rhizomorph production of A. mellea under the influence of other fungi in two assay methods: culture broth and co-culture4). The growth of A. mellea was more reduced in co-culture with Sordaria spp. or on assay plates mixed with the culture broth by 15-69% than controls in single cultures. One of the assay results using S. fimicola (Isolate 85-86) and S. tamaensis (Isolate 85-89) was shown in Figs. 1 and 2 . The inhibition zone was not always formed between any plant pathogen tested and each Sordaria isolate, although the colony occupancy of any pathogen in coculture with an antagonist was reduced, as compared with the single control culture, for example, by 35-60% in P. aphanidermatum and 22.2-33.5% in D. necatrix (Fig. 3) .
Colony diameter (mm) Fig. 1 . Growth of Armillaria mellea in single culture as the control or co-culture with Sordaria fimicola or S. tamaensis by co-culture method, and on assay plates mixed with one ml/ plate each of uncultured (as the control) or cultured potato dextrose broth of Sordaria spp. by culture broth method 10 days after inoculation. Biocontrol assay using the co-culture plates In the soil-over-agar-culture-inoculation method, the plates of 5-day-old co-culture of various combinations of P. aphanidermatum and Sordaria isolates were covered by autoclaved or unsterilized natural soil, incubated for 4 days, and 7 days after sowing, rates of emergence, and healthy seedlings of cucumber were determined.
The healthy seedling rates were always higher in control and the pathogen plus antagonist-infested soil than in only the pathogen-infested soil in autoclaved soils. Similar results were obtained in natural soils conducted in the shade under the semi-field conditions (Table 1 , Fig. 4 ). However, in the natural soil, emergence rates were very much reduced even in control because of pre-emergence damping-off probably due to indigenous soilborne plant pathogens such as P. spinosum Sawada, P. sylvaticum Campbell & Hendrix and Rhizoctonia solani Kuhn.
These fungi were often isolated from the diseased plants.
Seven Sordaria isolates in this study were never pathogenic to all of the host plants tested.
Direct application
The culture broths of Sordaria spp. were directly poured over the soils artificially infested with P. aphanidermatum by the soil-over-agar-culture-inoculation method. After 1-4 days incubation, seeds were sown, and the results were obtained 7-20 days after sowing.
The successful Fig. 4 . Biocontrol of the damping-off, caused by P. aphanidermatum, of cucumber seedlings by Sordaria nodulifera. The seedlings grown on the infested natural soil (center) are almost collapsed, but rather healthy in the uninfested control (left) and the pathogen plus antagonist-infested soil (right). a) Rates of emergence and healthy seedlings were determined 7 days after sowing in two separate experiments using the artificially infested autoclaved soil by the soil-over-agar-culture-inoculation method with P. aphanidermatum (Isolate 82-992). Data are means of two replications, two plates per replication. Means followed by different letters in the same column are significantly different, P=0.05, by Student's t-test. Rates of the damping-off, caused by P. aphanidermatum, of komatsuna seedlings were reduced by sowing the seeds treated with two Sordaria isolates (85-86; -89). Namely, 65% of the 40 seedlings from the treated seeds were healthy, whereas only 35%, healthy in the untreated seeds (Table 3 , Fig. 5 ). Biocontrol of white root disease of Japanese black pine by Sordaria spp. were also successful with the increase of the healthy seedling rates from 61.3% in the untreated seeds to 70 to 96.3% in the treated seeds (Table 4 , Fig. 6 ).
DISCUSSION
Sordaria species including S. fimicola are known as one of the dung fungi, but they appear not to have been studied as biocontrol agents. These fungi are also found associated with seeds of various plants1,2). Therefore, they are supposedly good relationships with the host plants. In addition, seed-associated fungi may be easy to be introduced into soil through root after germi-nation, subsequently through the rhizosphere soil. For the application of antagonists, seed treatment may be simple, easy to practice and economical because the antagonists are low in quantity, and the treatment is simple, and not laborious in practice. Sordaria spp. used in this study were found to be effective against the soilborne plant diseases, caused by P. aphanidermatum and/or D. necatrix, of cucumber, spinach, komatsuna, and Japanese black pine seedlings, but they were very partially effective against Rhizoctonia diseases (Watanabe, unpublished) . Therefore, it is essential to evaluate their biocontrol potentials in the individual host-pathogenantagonist relationships.
This study is a part of works to evaluate Sordaria spp. as biocontrl of agents in the growth chamber, and semi-field conditions, and therefore, need further research in the field. However, the approach used in this study may be better because the antagonism between P. aphanidermatum and antagonistic Sordaria spp. were analyzed in relation to host plants, under the soil atmosphere.
For the practical use of Sordaria spp. as biocontrol agents against the soilborne plant diseases, various problems including application methods, quantity of antagonists, and timing of application may be solved. Of course, the behavior, survival, and distribution of the antagonists in plant roots and soil, and mechanism of the antagonism may be worked out in the future for their effective uses.
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